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The production of light (anti-)nuclei and (anti-)hypertriton is investigated using the dynamically
constrained phase space coalescence model (DCPC), based on the hadronic final states generated
by the parton and hadron cascade model (PACIAE) in pp collisions at
√
s = 0.9, 2.76, and 7 TeV,
within pT <3.0 GeV/c and |y| <0.5 acceptances. The ALICE data of d and d yields, ratios, and
the transverse momentum distribution are well reproduced with the corresponding PACIAE+DCPC
results. The yields, ratios, and the transverse momentum distribution of 3He, 3He, 3ΛH, and
3
ΛH
were predicted. Furthermore, it is found that the yields of light nuclei and anti-nuclei depend on the
mass number A of the matter produced, i.e., their yields decrease rapidly as the increase of mass
number. The strangeness population factor S3 = (
3
ΛH/
3He)/(Λ/p) was found to be about 0.7 ∼ 0.8,
and was compatible with the experimental data.
PACS numbers:
I. INTRODUCTION
The investigation of anti-nuclei production is of great
importance in particle and nuclear physics, cosmology,
and astrophysics. One believes that matter and anti-
matter happened in equal abundance during the initial
stage of the universe. However, how did this symmetry
get lost in the evolution of the universe, which is still a
mystery exists. The high energy accelerator experiment
provides a chance to study the production of light nuclei
and anti-nuclei [1].
In the last decades, the production of antimatter
has been a focus of many experiments research [2, 3].
The STAR and PHENIX Collaborations have reported
their light nuclei and anti-nuclei production data [4–
7] in Au+Au collisions within
√
sNN = 7.7 GeV to
200 GeV. And ALICE has also published papers on
the production of light (anti-)nuclei in pp collisions at√
s = 0.9, 2.76, and 13 TeV [3, 8], and Pb+Pb collisions
in
√
sNN = 6.3 GeV up to 2.76 TeV [9].
Theoretically, the nucleons and hyperons productions
can be predicted by a transport model. Then, the
light (anti-)nuclei production rates are computed us-
ing the statistical model [10] or phase-space coalescence
model [11–14]. Some researches use the coalescence
+ blast-wave method [15–17], or a multiphase trans-
port(AMPT) model [18] and UrQMD model + thermal
model [19] to study the production of light nuclei and
anti-nuclei in high energy nuclear-nuclear collisions. A
dynamically constrained phase-space coalescence model
(DCPC) [20, 21] was proposed and was used to investi-
gate the production of light nuclei (anti-nuclei) [22, 23]
in high energy pp collisions [24] and nuclei-nuclei (Pb-
Pb [25], and Au-Au [26], Cu-Cu [27]) collisions, in which
the final state hadrons produced within the parton and
∗Corresponding Author: chengang1@cug.edu.cn
hadron cascade (PACIAE) model [28].
In this paper, we first calculate the hadronic final state
using the PACIAE model in the non-single diffractive
(NSD) pp collisions at different Center-of-mass (c.m.)
energies. Then, we can generate the light (anti-)nuclei
using the DCPC model to investigate the production of
the light nuclei (d,3He and 3ΛH) and their corresponding
anti-nuclei (d, 3He, and 3ΛH) in high energy pp collisions.
In Sec. 2, we have introduced the PACIAE model and
the dynamically constrained coalescence model (DCPC)
briefly. In Sec. 3, our numerical results are presented
and a short summary is presented in Sec. 4.
II. MODELS
The PACIAE model [28] is based on PYTHIA6.4 model
and is promoted to study the nucleus-nucleus collisions
mainly, relying on the collision geometry and nucleon-
nucleon (NN) total cross section [29]. Compared with
the PYTHIA, in the PACIAE model the string fragmenta-
tion is switched-off temporarily, and the (anti-)diquarks
break randomly into (anti-)quarks, leading to form-
ing the partonic initial state. Then parton rescatter-
ing is introduced, and using the 2 → 2 (LOCpQCD)
parton-parton interaction cross-sections to calculate par-
ton rescattering in QGM [30]. In this stage, a K factor
is added to describe non-perturbative and higher order
corrections. After parton rescattering the hadronization
then proceeds [28, 29, 31]. At last, a hadron rescat-
tering is introduced, in which the two-body collision
method [32, 33] is applied, until all hadrons have reached
freeze-out.
We generated the final state particles by the PACIAE
model [28], and refer to DCPC model [20] to calculate
the light nuclei and anti-nuclei production. Considering
quantum statistical mechanics [34], one can not precisely
tell both positions and momentum (~q, ~p) of a particle in
2the phase-space, according to the uncertainty principle
∆~q∆~p ≥ 3h. (1)
One may only know that the particle lies somewhere
within a volume of ∆~q∆~p or state inside a quantum box
of six-dimension. A particle state occupies a volume (h3)
within the six-dimension phase-space [21]. Then, we may
define a integral to directly estimate the yield for a single
particle:
Y1 =
∫
H≤E
d~qd~p
3h
. (2)
Here, H is the Hamiltonian and E is the energy of parti-
cle. The yield of N particles may be similarly estimated
with
YN =
∫
...
∫
H≤E
d~q1d~p1...d~qNd~pN
(3h)N
. (3)
While Eq.(3) should satisfy the limited conditions as fol-
lows:
|~qij | 6 D0, (i 6= j; i, j = 1, 2, 3, ..., N),
m0 −∆m 6 minv 6 m0 +∆m. (4)
Where
minv =
√
(E1 + E2 + E3)2 − (~p1 + ~p2 + ~p3)2, (5)
|~qij | stands for the distance between particles j-th and
i-th, D0 and m0 are the diameter and rest mass of
light nuclei and anti-nuclei, respectively. The pi and Ei
(i = 1, 2, ..., N) are the momenta and energies of parti-
cles, respectively. ∆m stands for the allowed uncertainty.
In Eq.(3), the integral of continuous distributions will
be changed using the sum for discrete distributions, be-
cause the hadron momentum and position distributions
are discrete in transport model simulation.
III. RESULTS AND DISCUSSION
We generate the final state hadrons by the transport
model PACIAE. Then one can utilize the DCPC model
to coalescence production of the light nuclei and anti-
nuclei [20]. The fitted parameters of the PACIAE model
were selected as the default values of the PYTHIA6.4, ex-
cept the Parj(1), Parj(2), with Parj(3) parameters and
K factor were roughly fitted the proton and anti-proton
from ALICE data in pp collisions at c.m. energy of
900 GeV, 2.76TeV, and 7 TeV [29, 35–38], as shown in
Fig. 1. It shows that the results of PACIAE simulation
are very close to the ALICE data. The parameters were
fitted from figure 1 for Parj(1) = 0.07 (default value is
0.10), Parj(2) = 0.18 (0.30), Parj(3) = 0.40 (0.40), with
K = 0.95 (1.0 or 1.5), which were used to compute the
yield of d, d,3He, 3He, 3ΛH, and
3
ΛH , in pp collisions of
the c.m energy of 900 GeV, 2.76TeV and 7 TeV relying
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FIG. 1: The transverse momentum (pT ) distribution of pro-
ton plus antiproton and lambda plus antilambda in mid-
rapidity pp collisions at c.m. energy of 0.90 TeV, 2.76 TeV
and 7 TeV, calculated by the PACIAE model. The data have
been multiplied by constant factors inside the figure. The
ALICE data are taken from [35–38].
on the final hadronic states from the PACIAE simulations.
The consequent of light nuclei and anti-nuclei yields are
shown on Table 1.
One can see in the Tab.1 that:
• The yield of (anti-)hypertriton is significantly less
than that of (anti-)helium-3 computed by PACIAE
model, since the yield of hyperons is less than that
of protons.
• When the c.m. energy increases from 900 GeV to 7
TeV, the (anti-)proton yield calculated by PACIAE
simulations increases ∼ 50%. That is less than the
increase of light (anti-)nuclei (over 100% for d and
d, ∼ 60% for 3He and 3He). This may attribute
to the stronger increase of available phase space in
the anti-nuclei production than that in anti-hadron
production.
• The yield of d and d¯ calculated by PACIAE+DCPC
model is well consistent with ALICE experimental
data in the range of uncertainty. Meanwhile, we
predict the yield of the 3He, 3He, 3ΛH , and
3
ΛH in
pp collisions at c.m. energy of 900 GeV, 2.76 TeV
and 7 TeV using PACIAE+DCPC model.
Fig. 2 presents the transverse momentum spectrum
of the integral yields of d(d¯), 3He(3He), and 3ΛH(
3
ΛH)
calculated by the PACIAE+DCPC model with 0 < pT <
3 GeV/c, |y| < 0.5 in mid-rapidity pp collisions at c.m.
energy of 0.9 TeV, 2.76 TeV, and 7 TeV, respectively.
It can be seen that the transverse momentum spectrum
of d, d¯, 3He, 3He calculated by PACIAE+DCPC simula-
tions is consistent with the result distribution of ALICE
data [8]. Then we predict the distribution of the trans-
verse momentum spectrum of 3He, 3He, 3ΛH , and
3
ΛH in
3TABLE I: The yields of the (anti-)nuclei and (anti-)hypertriton in pp collisions at c.m. energy of 900 GeV, 2.76 TeV and 7
TeV calculated by the PACIAE+DCPC simulations, respectively. The ALICE data are taken from Ref [8, 35–39]
.
Particle PACIAE+DCPC ALICE
0.9 TeV 2.76 TeV 7 TeV 0.9 TeV 2.76 TeV 7 TeV
p 0.082 0.090 0.124 0.083 ± 0.008 0.090 ± 0.007 0.124 ± 0.009
p¯ 0.079 0.088 0.122 0.079 ± 0.008 0.088 ± 0.006 0.123 ± 0.010
Λ 0.048 0.060 0.087 0.048 ± 0.005 – 0.090 ± 0.007
Λ¯ 0.047 0.060 0.086 0.047 ± 0.007 – 0.089 ± 0.006
da 1.06E-4 1.41E-4 2.04E-4 (1.12 ± 0.13)E-4 (1.53 ± 0.14)E-4 (2.02± 0.17)E-4
d¯a 9.83E-5 1.35E-4 1.98E-4 (1.11 ± 0.13)E-4 (1.37 ± 0.13)E-4 (1.92± 0.15)E-4
3Heb 5.17E-8 7.79E-8 1.16E-7 – – –
3Heb 4.62E-8 7.28E-8 1.10E-7 – – (1.10± 0.63)E-7
3
ΛH
c
2.36E-08 3.69E-08 5.62E-08 – – –
3
Λ
H
c
2.06E-08 3.32E-08 5.23E-08 – – –
acalculated with ∆m = 0.0030;
b,ccalculated with ∆m = 0.0075.
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FIG. 2: The transverse momentum distribution of d, d ,3He, 3He, 3ΛH , and
3
Λ
H in pp collisions at c.m. energy of 900 GeV,
2.76 TeV, and 7 TeV, which are calculated by the PACIAE+DCPC model simulations. The solid points are ALICE data [8]
and the data are multiplied with constant factors for clarity in figures.
pp collisions at c.m. energy of 900 GeV, 2.76 TeV, and
7 TeV, respectively.
In the high energy collisions, production mechanism is
generated through hadron coalescence due to final-state
correlations between particles. The ratios of particle
yields can be predicted by the coalescence model, which
have been checked for various particle species. The-
oretically, the ratios of different (anti-)nuclei or (anti-
)hypernuclei can be directly related to ratios of hadronic
yields in the simple coalescence framework [40, 41]. E.g.,
if the 3ΛH and
3
Λ
H are formed by coalescence of (p+n+Λ)
and (p+n+Λ), then the yield ratio of 3
Λ
H/3ΛH should be
proportional to (p/p)(n/n)(Λ/Λ), and the other ratios
are the same. The ratios can be written as following:
3
Λ
H
3
ΛH
=
pnΛ
pnΛ
≃ (p
p
)2
Λ
Λ
, (6)
Once again, mixed ratios:
3
ΛH
3He
=
pnΛ
ppn
≃ Λ
p
. (7)
4TABLE II: The top section of the table show the ratio of anti-nuclei (p¯, Λ¯, d¯, 3He, and3
Λ
H) to nuclei (p,Λ, d, 3He and 3ΛH) in pp
collisions at c.m. energies of 900 GeV, 2.76 TeV, and 7 TeV, followed by the mixed ratios between the different (anti-)nuclei.
And the ratios of the (anti-)hyperon to (anti-)proton and (anti-)hypertriton to (anti-)helium-3 are shown at the bottom.
ALICE data are taken from Ref. [8, 39].
Particle PACIAE+DCPC ALICE
0.9 TeV 2.76 TeV 7 TeV 0.9 TeV 2.76 TeV 7 TeV
p¯/p 0.963 0.978 0.984 0.952 ± 0.002 0.978 ± 0.002 0.992 ± 0.009
Λ¯/Λ 0.981 0.993 0.984 0.963 ± 0.023 0.979 ± 0.015 0.989 ± 0.014
d¯/d 0.927 0.954 0.967 0.991 ± 0.09 0.895 ± 0.05 0.950 ± 0.02
3He/3He 0.893 0.935 0.948 – – –
3
Λ
H/3ΛH 0.873 0.909 0.925 – – –
d/p 1.29E-3 1.57E-3 1.65E-3 (1.38± 0.186)E-3 (1.48± 0.167)E-3 (1.63 ± 0.170)E-3
d¯/p¯ 1.24E-3 1.53E-3 1.62E-3 (1.39± 0.205)E-3 (1.31± 0.145)E-3 (1.56 ± 0.170)E-3
3He/d 4.88E-4 5.52E-4 5.69E-4 – – –
3He/d¯ 4.70E-4 5.39E-4 5.56E-4 – – (5.73± 3.26)E-4
Λ/p 0.585 0.667 0.702 0.578 ± 0.082 – 0.726 ± 0.077
Λ¯/p¯ 0.595 0.670 0.705 0.595 ± 0.107 – 0.724 ± 0.076
3
ΛH/
3He 0.456 0.474 0.484 – – –
3
Λ
H/3He 0.446 0.456 0.475 – – –
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FIG. 3: Integrated yields (dN/dy) of anti-nuclei (left panel) and nuclei (right panel) in the mid-rapidity pp collisions at
√
s
= 900 GeV, 2.76 TeV and 7 TeV, as a function of the atomic mass number A. The results are calculated by PACIAE+DCPC
model (see open point). The ALICE data (solid point) is taken from [8, 35–39].
The yield ratio of anti-nuclei (p¯, Λ¯, d¯, 3He and 3ΛH)
to nuclei (p, Λ, d, 3He, and 3ΛH) and their mixed ra-
tios (Λ/p, Λ/p, 3ΛH/
3He, 3
Λ
H/3He) in pp collisions at√
s = 900 GeV, 2.76 TeV and 7 TeV are shown in the
Table II. Obviously, the ratios of anti-nuclei and anti-
hypertriton to the nuclei and hypertriton are all depen-
dent of the c.m. energy, as same as their yields in-
crease with the c.m. energy increase as shown in Ta-
ble I. The ratios of the anti-particles to particles, as
well as the (anti-)hypertriton to (anti-)nuclei (3ΛH/
3He,
3
Λ
H/3He) are less than 1, which means that the yield of
(anti-)hypertriton is less than that of (anti-)nuclei. Since
the 3
Λ
H and 3ΛH are formed by coalescence of (Λ+p+n)
and (Λ + p + n), then the production ratio of 3
Λ
H to
3
ΛH should be proportional to (
p
p
)2 Λ
Λ
, as Eq.(6). The
calculated 3
Λ
H/ 3ΛH ratio is consistent with the interpre-
tation that the 3
Λ
H and 3ΛH are formed by coalescence
of (Λ + p + n) and (Λ + p + n), respectively. And then
the ratios d¯ to d are consistent with (p¯/p)2, the ratios
3He/3He is approximately the same as (p¯/p)3, and the
ratios 3ΛH/
3
ΛH is just approximately the (p¯
2Λ¯)/(p2Λ).
The simulation results (d¯/d) in our model are found to
be in agreement with the experimental data from AL-
5ICE experimental in pp collisions at
√
s = 900 GeV, 2.76
TeV and 7 TeV. Furthermore, the model predictions of
3
ΛH/
3
ΛH,
3He/3He, 3ΛH/
3He, and 3
Λ
H/3He are also pre-
sented in Table II.
To further illustrate the mass and/or c.m. energy de-
pendence of light nuclei and anti-nuclei production, Fig.3
gives the integrated yield distributions of light nuclei
(p, d,3He) and anti-nuclei (p¯, d¯, 3He), as the different
atomic mass number A(A = 1 to 3) in different c.m.
energy of 0.9, 2.76, and 7 TeV, respectively. The hol-
low points represent the our results computed using PA-
CIAE+DCPC model in the mid-rapidity pp collisions at
the LHC energy, with pT < 3.0 GeV and |y| < 0.5. The
solid points show the data results of the ALICE exper-
iment [8, 35–39]. The figure 3 shows that the yields
of light nuclei and anti-nuclei decrease rapidly, as the
atomic mass number A increase. The integrated yield
spans almost 6-orders of magnitude with striking expo-
nential behavior. Fig.3 shows that PACIAE+DCPC model
results are in good agreement with the experimental
data.
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FIG. 4: The S3(S3) ratio as a function of the c.m. energy in
pp collisions computed by the PACIAE+DCPC model. For
comparison, the data from STAR Au-Au 0-80% collisions
at
√
sNN = 200 GeV [2], ALICE Pb-Pb 0-10% collisions at√
sNN = 200 GeV [43], and E864 Au-Pb 0-10% collisions at
11.5A GeV [44] are shown here. Statistical uncertainties are
represented by bars.
In order to compare (anti-)nuclei with (anti-
)hypernuclei, we introduce the strangeness population
factor [43, 44]
s3 = (
3
ΛH × p)/(3He× Λ) (8)
s3 = (3
Λ
H × p)/(3He× Λ). (9)
where, no Λ decay to proton contribution. The ratio
S3 is sensitive to the local baryon-strangeness corre-
lation [45–47], hence it can provide a possible chance
to study the nature of matter created in the high en-
ergy collisions [48, 49]. The S3(S3) values computed by
the PACIAE+DCPC model for different c.m. energies of
900 GeV, 2.76 TeV and 7 TeV are shown in Fig.4. These
values are compared with the data from STAR [2], AL-
ICE [43], and E864 [44]. The present results in pp colli-
sions show the values of S3(S3) about 0.7 ∼ 0.8. These
results are consistent with the experiment [2, 43, 44]
within uncertainties.
IV. CONCLUSION
The production of light (anti-)nuclei and (anti-
)hypertriton is investigated using the dynamically con-
strained phase space coalescence model (DCPC), relied
on the final state hadrons created by the parton and
hadron cascade PACIAE model in pp collisions at the
c.m. energy of 900 GeV, 2.76 TeV, and 7 TeV, with
pT < 3 GeV/c and |y| < 0.5 acceptances. The calcu-
lation includes yield, yield ratio, transverse momentum
spectrum of d, d¯, 3He, 3He, 3ΛH , and
3
ΛH .
The results of our calculations show significant depen-
dence of the c.m. energy on the yields, ratios, and the
transverse momentum distribution of d, d¯, 3He, 3He,
3
ΛH , and
3
ΛH. When the c.m. energy increases from
900 GeV to 7 TeV, the yield of light (anti-)nuclei and
(anti-)hypertriton computed using PACIAE+DCPC simu-
lations increases. The ratio of anti-deuteron to deuteron
and 3He to 3He, and 3ΛH to
3
ΛH approaches 1 as the
c.m. energy increases, indicating nuclei and anti-nuclei
species are produced with similar abundance at LHC en-
ergies. We also found that the yields of light nuclei and
anti-nuclei all decrease rapidly when the atomic mass
number A increase. The ALICE data of d and d yields,
ratios, and the transverse momentum distribution are
well reproduced by the corresponding PACIAE+DCPC re-
sults. The yields, ratios, and the transverse momentum
distribution of 3He, 3He, 3ΛH , and
3
ΛH was predicted
by PACIAE in the mid-rapidity pp collisions at
√
s =
0.9, 2.76 and 7 TeV. The strangeness population factor
S3 = (
3
ΛH/
3He)/(Λ/p) for matter and antimatter with
the helium-3 is calculated to be about 0.7 ∼ 0.8, which
is compatible with the experimental data.
V. ACKNOWLEDGMENT
The work is supported by the NSFC of China under
Grant No. 11475149. This work is also supported by the
high-performance computing platform of China Univer-
sity of Geosciences.
6[1] J.H. Chen, D. Keane, Y.G. Ma et al.,”Antinuclei in
heavy-ion collisions”, Phys. Rep. 760, 1, 2018.
[2] B. I. Abelev et al. (STAR Collab.), ”Observation of an
Antimatter Hypernucleus”, Science 328, 58, 2010.
[3] N. Sharma et al. (ALICE Collab.), ”Production of nuclei
and antinuclei in pp and PbCPb collisions with ALICE
at the LHC”, J. Phys. G: Nucl. Part. Phys. 38, 124189,
2011.
[4] H. Agakishiev et al.(STAR Collab.), ”Observation of the
antimatter helium-4 nucleus”, Nature 473,353, 2011.
[5] STAR Collaboration, light (anti-)nucleus prodution in√
sNN = 7.7-200 GeV Au-Au collisions in the STAR Ex-
periment, 2012.
[6] STAR Collaboration, ”Measurement of the 3ΛH lifetime
in Au+Au collisions at the BNL Relativistic Heavy Ion
Collider”, Physical Review C, 97, 054909, 2018.
[7] S. S. Adler et al.(PHENIX Collab.),”Deuteron and An-
tideuteron Production in Au+Au Collisions at
√
sNN =
200 GeV”, Physical Review Letters,94, 122302, 2005.
[8] S. Acharya, et al.(ALICE Collab.), ”Production of
deuterons, tritons, 3He nuclei, and their antinuclei in
pp collisions at
√
s = 0.9, 2.76, and 7 TeV”, Physical
Review C, 97 , 024615, 2018.
[9] S. Acharya, et al.(ALICE Collab.), ”Production of 4H
and 4He in PbCPb collisions at
√
sNN = 2.76 TeV at
the LHC”, Nuclear Physics A 971, 1-20, 2018.
[10] V. Topor Pop and S. Das Gupta, ”Nuclear clusters as
a probe for expansion flow in heavy ion reactions at
(10C15)A GeV”, Physical Review C 81, 054911, 2010.
[11] R. Mattiello et al.,Nuclear clusters as a probe for ex-
pansion flow in heavy ion reactions at (10-15) A GeV
Physical Review C 55, 1443,1997.
[12] L.W. Chen, C.M. Ko,”Φ And Ω production in relativis-
tic heavy-ion collisions in a dynamical quark coalescence
model”, Physical Review C 73, 044903, 2006.
[13] S. Zhang, J.H. Chen, H. Crawford et al.,”Searching
for onset of deconfinement via hypernuclei and baryon-
strangeness correlations” Phys. Lett. B 684, 224, 2010.
[14] P. Liu, J. H. Chen, Y. G Ma, S. Zhang,”Production of
light nuclei and hypernuclei at High Intensity Accelera-
tor Facility energy region”, Nucl. Sci. Tech. 28, 55, 2017.
[15] L. Xue, Y.G. Ma, J.H. Chen et al.,”Production of light
(anti-)nuclei, (anti-)hypertriton, and di- in central Au +
Au collisions at energies available at the BNL Relativis-
tic Heavy Ion Collider”, Physical Review C 85, 064912,
2012.
[16] C.S. Zhou, Y.G. Ma, S. Zhang, ”Scaling of nuclear mod-
ification factors for hadrons and light nuclei”, Eur. Phys.
J. A 52, 354, 2016.
[17] N. Shah, Y.G. Ma, J.H. Chen et al.,”Production of mul-
tistrange hadrons, light nuclei and hypertriton in central
Au+Au collisions at
√
sNN = 11.5 and 200 GeV”, Phys.
Lett. B 754, 6, 2016.
[18] L.L. Zhu, C.M. Ko, X.J. Yin, ”Light (anti-)nuclei pro-
duction and flow in relativistic heavy-ion collisions”,
Physical Review C 92, 064911, 2015.
[19] J. Steinheimer et al., ”Hypernuclei, dibaryon and antinu-
clei production in high energy heavy ion collisions: Ther-
mal production vs. coalescence”, Phys. Lett. B 714, 85,
2012.
[20] Y.L. Yan, G. Chen, X.M. Li et al., ”Predictions for the
production of light nuclei in pp collisions at
√
s = 7 and
14 TeV”, Phys. Rev. C 85, 024907, 2012.
[21] G. Chen, Y.L. Yan, D.S. Li et al., ”Antimatter produc-
tion in central Au + Au collisions at
√
sNN = 200 GeV”,
Physical Review C 86, 054910, 2012.
[22] G. Chen, H. Chen, J. Wu et al., ”Centrality dependence
of light (anti-)nuclei and (anti-)hypertriton production
in Au + Au collisions at
√
sNN = 200 GeV”, Physical
Review C 88, 034908, (2013).
[23] G. Chen, H. Chen, J.L. Wang et al., ”Scaling properties
of light (anti-)nuclei and (anti-)hypertriton production
in Au+Au collisions at
√
sNN = 200 GeV”, J. Phys. G:
Nucl.Part. Phys. 41, 115102, 2014.
[24] J.L. Wang, D.K. Li, H.J. Li et al., ”The energy depen-
dence of antiparticle to particle ratios in high energy pp
collisions”, Int. J. Mod. Phys. E 23, 1450088, 2014.
[25] Z. L. She, G. Chen, et al., ”Centrality dependence of
light (anti-)nuclei and (anti-)hypertriton production in
Pb-Pb collisions at
√
sNN = 2.76 TeV”, Eur. Phys. J. A
52, 93, 2016.
[26] Z. J. Dong, Q.y.Wang, G. Chen, et al., ”Energy depen-
dence of light (anti-)nuclei and (anti-)hypertriton pro-
duction in the Au-Au collision from
√
sNN = 11.5 to
5020 GeV”, Eur. Phys. J. A 54, 144, 2018.
[27] F. X. Liu, G. Chen, Z. L. She, et al., ”3ΛH and
3
Λ
H
production and characterization in Cu + Cu collisions
at
√
sNN = 200 GeV”, Physical Review C 99, 034904,
2019.
[28] B.H. Sa, D.M. Zhou, Y.L. Yan et al., ”PACIAE 2.0: An
updated parton and hadron cascade model (program) for
the relativistic nuclear collisions”, Comput. Phys. Com-
mun. 183, 333, (2012).
[29] T. Sjostrand, S. Mrenna, and P. Skands., ”PYTHIA 6.4
physics and manual”, J. High Energy Phys. 05 , 026,
2006.
[30] B. L. Cambridge et al., ”Hadron production at large
transverse momentum and QCD”, Phys. Lett. B 70 ,
234, 1977.
[31] Y.-L. Yan et al., ”Centrality dependence of forward-
backward multiplicity correlation in Au + Au collisions
at
√
sNN = 200 GeV”, Phys. Rev. C, Nucl. Phys. 81 ,
044914, 2010.
[32] B. H. Sa and A. Tai, ”An event generator for the fire-
cracker model and the rescattering in high energy pA
and AA collisions LUCIAE version 2.0”, Comput. Phys.
Commun. 90 , 121, 1995.
[33] A. Tai and B. H. Sa, ”LUCIAE 3.0: A new version
of a computer program for the Firecracker Model and
rescattering in relativistic heavy-ion collisions”, Com-
put. Phys. Commun. 116, 353, 1999.
[34] K. Stowe, A introduction to thermodynamics and statis-
tical mechanics, Combridge, 2007; R. Kubo, Statistical
Mechanics,North-Holland Publishing Company, Amster-
dam, 1965.
[35] B.I. Abelev et al., ALICE Collaboration. ”Production
of charged pions, kaons and protons at large transverse
momenta in pp and PbPb collisions at
√
sNN = 2.76
TeV”, Physics Letters. B 736, 196C207, 2014.
[36] K. Aamodt et al., the ALICE Collaboration. ”Produc-
tion of pions, kaons and protons in pp collisions at
√
s
= 900 GeV with ALICE at the LHC”, Eur. Phys. J. C
771, 1655, 2011.
[37] J. Adam, et al., ALICE Collaboration, ”Production of
light nuclei and anti-nuclei in pp and Pb-Pb collisions at
energies available at the CERN Large Hadron Collider”,
Phys. Rev. C 93 , 024917 (2016).
[38] J. Adam, et al., ALICE Collaboration,Eur. ”Measure-
ment of pion, kaon and proton production in protonpro-
ton collisions at
√
s = 7 TeV”, Phys. J. C 75, 226, 2015.
[39] E. Abbas, et al., the ALICE Collaboration, ”Mid-
rapidity anti-baryon to baryon ratios in pp collisions at√
s = 0.9, 2.76 and 7 TeV measured by ALICE”, Eur.
Phys. J. C 73, 2496, 2013.
[40] J. Cleymans, et al.,”Antimatter production in proton-
proton and heavy-ion collisions at ultrarelativistic ener-
gies”, Phys. Rev. C 84, 054916, 2011.
[41] L. Xue, Y.G.Ma, J.H. Chen, S. Zhang,”Production of
light (anti-)nuclei, (anti-)hypertriton, and di- in central
Au + Au collisions at energies available at the BNL Rel-
ativistic Heavy Ion Collider”, Phys. Rev. C 85, 064912,
2012.
[42] S. Acharya, et al., ”Multiplicity dependence of light-
flavor hadron production in pp collisions at
√
s= 7 TeV”,
Phys. Rev. C 99, 024906, 2019.
[43] ALICE Collaboration, Phys. Lett. B 754, 360 (2016).
[44] K. J. Sun and L. W. Chen, Phys. Rev. C 95, 044905,
2017.
[45] V. Koch, A. Majumder, J. Randrup, Phys. Rev. Lett.
95, 182301, 2005.
[46] M. Cheng, P. Hegde, C. Jung, F. Karsch, O. Kaczmarek
et al., Phys. Rev. D 79, 074505, 2009).
[47] P. Braun-Munzinger, J. Stachel, Nature 448, 302, 2007.
[48] S. Zhang, J. Chen, H. Crawford, D. Keane, Y. Ma et al.,
Phys. Lett. B 684, 224, 2010.
[49] H. Sato, K. Yazaki, Phys. Lett. B 98, 153, 1981.
